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ARTICLE INFO ABSTRACT

Editor: Stephen Symons Precision irrigation technologies have the ability to increase crop yields and productivity, optimize water use
efficiency and minimise environmental impact. Despite this, adoption of precision irrigation technologies by
farmers remains low and slow. This research investigated the behavioural factors that affect farmers’ intention to
adopt precision irrigation technologies in olive groves and cotton production in the regions of Messenia and
Thessaly of Greece respectively. Data were collected through in-depth face-to-face interviews using an extensive
questionnaire, involving a sample of 82 farmer respondents. The findings reveal that environmental con-
sciousness has the most substantial impact on farmers’ intention to adopt precision irrigation technologies. It is
followed by perceived economic benefits, perceived behavioural control, and perceived compatibility, all of
which contribute significantly to the intention to adopt. Furthermore, risk aversion, although displaying a
smaller effect, remains a notable consideration in the analysis. These results offer valuable insights into tech-

Keywords:

Risk aversion

Environmental consciousness

Perceived compatibility

Perceived behavioural control

Adoption, Precision irrigation technologies

nology adoption in agriculture and bear implications for future strategies and policy recommendations.

1. Introduction

The global agricultural sector is a major user of freshwater, ac-
counting for around 70 % of the world’s consumptive use of freshwater
resources. However, traditional agricultural irrigation methods face
substantial challenges, including inefficiencies in water usage and sub-
optimal agricultural productivity. Additionally, the unpredictable im-
pacts of climate change and global warming have disrupted rainfall
patterns, affecting crop water needs, which vary based on seasonal and
environmental factors such as weather conditions [1]. According to the
findings of the Intergovernmental Panel on Climate Change (IPCC),
countries within the Mediterranean Basin are poised to experience more
pronounced effects of climate change. These effects will manifest pri-
marily as increasing temperatures, a reduction in the overall water
balance, and an increase in the frequency of extreme weather events [2].
Specifically, in the Mediterranean Basin, there are two major challenges:
less rainfall and rising temperatures, especially during the summer
period. These lead to water shortages in many areas, affecting rivers,
lakes, and water reservoirs. Water shortages are a significant threat to
food and energy security, especially for agriculture, resulting in lower
crop yields and jeopardising sustainable development. Adding to these
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concerns, the world’s population is expected to reach 9.1 billion by
2050, increasing the demand for food and energy, and making the issues
of water scarcity and rising temperatures in the Mediterranean Basin
even more pressing [3].

Greece, a Mediterranean Basin country experiencing the impacts of
climate change [4], is one of the largest producers olive and cotton in
Europe. In the olive cultivation sector, Greece consistently maintains its
position among the top three European countries, alongside Spain and
Italy, accounting for approximately 15 % of the total 4.6 million hect-
ares of olive groves within the European Union in 2017 [5,6]. Moreover,
cotton is primarily grown in the European Union on around 320,000 ha,
with Greece dominating the cotton area at 80 %, followed by Spain and
Bulgaria [7,8]. Although cotton and olive trees possess impressive
adaptability to diverse environmental conditions, they remain vulner-
able to the impacts of climate change, particularly concerning their
growth and need for irrigation [9,10].

Olive trees thrive in regions with as little as 400 mm of annual pre-
cipitation—below the traditionally recommended 600 mm threshold
[11]. Despite the inherent drought tolerance of olive trees, modern
agriculture increasingly employs irrigation for olive cultivation to
optimize yields and address the challenges posed by shifting climate
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patterns and the rising demand for olive-related products. As a result,
implementing efficient irrigation management strategies and adopting
precision irrigation technologies play a crucial role in ensuring sus-
tainable and resource-efficient olive farming [9].

Cotton cultivation requires 600-1000 mm of precipitation during its
entire growth phase, further highlighting the importance of water in its
cultivation. The absence of sufficient water for cooling poses a signifi-
cant threat to cotton plants due to excessive heat. Consequently, cotton’s
growth and temperature management heavily rely on irrigation,
whether from precipitation or irrigation. Precise timing and proper
water application during the growing season become critical, as any
disruptions in water availability can hinder plant development, poten-
tially resulting in reduced yields. Notably, cotton farming significantly
relies on irrigation, accounting for approximately 53 % of the world’s
total irrigation, with irrigated fields producing 3000-4000 kg of seed
cotton per hectare, compared to 1000-2000 kg in non-irrigated fields.
Consequently, over 73 % of the world’s cotton fibre originates from
irrigated cultivation [10,12].

To address water scarcity and subsequent sustainability challenges,
precision irrigation systems have emerged as a practical solution [13].
Precision irrigation, in the context of precision agriculture, is a tech-
nologically driven practice that involves the accurate and timely
assessment of crops’ water requirements, followed by the precise de-
livery of the exact amount of water they need. This method incorporates
information systems, communication networks, and real-time control
mechanisms to monitor and respond to crops’ dynamic water needs,
taking into account factors such as soil variations, plant responses, and
changing weather conditions. The overarching goal of precision irriga-
tion is twofold: firstly, to optimize water usage and enhance the effi-
ciency of crop cultivation, and secondly, to alleviate the pressure on
natural water resources [14,15]. Leveraging technologies like Global
Positioning System (GPS) and Geographic Information Systems (GIS), in
conjunction with computer modelling, remote sensing, and advanced
information processing, enables the collection of comprehensive field
data pertaining to spatial and temporal variations in crop production
[16,17].

Previous research has consistently shown that the adoption of pre-
cision irrigation technologies leads to elevated crop yields and enhances
the efficiency of water, soil, nutrients, and other agricultural inputs
[14]. For instance, a study implementing Variable Deficit Irrigation
(VDI) in cotton production, integrating remote sensing, soil analyses,
and crop growth modelling for irrigation management, reported a sub-
stantial increase of approximately 28.7 % in yield, accompanied by a
24.9 % reduction in water usage. This approach also demonstrated
enhanced nitrogen and fertilizer productivity [18]. Similar positive
outcomes have been observed in other studies related to cotton culti-
vation that utilized irrigation Decision Support Systems (DSS) [1,19-21]
and Variable Rate Irrigation (VRI) [22-27]. These positive results extend
to olive cultivation, where a study utilizing DSS-based irrigation man-
agement demonstrated its effectiveness as a sustainable and
resource-efficient choice, resulting in a notable 42.1 % reduction in
water and energy compared to conventional practices [28]. In another
study focused on Scientific Irrigation Scheduling (SIS) in olive groves,
soil moisture sensors coupled with a drip irrigation system resulted in
water savings between 17 % and 25 %, along with yield enhancements
of 8 % and 9 % [29]. Furthermore, studies have proven that employing
remote monitoring and control systems [30,31], as well as a combina-
tion of remote and proximal sensing technologies, can improve water
efficiency in olive cultivation [32]., Despite the evidence of the advan-
tages of precision irrigation technologies, the adoption and widespread
implementation of these technologies have been relatively slow, espe-
cially due to high initial investment costs and the lack of farmer skills
required in the integration of the new technologies into current farming
operations. Recent reviews of adoption studies in precision agriculture
highlighted the lack of substantial research on the behavioural factors
affecting farmer adoption of precision agriculture technologies [33,34].
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Notably, the vast majority of studies has focused on farm and
agro-ecological related factors, socio-demographics, and
technology-related characteristics [35]. Therefore, there is a pressing
need to understand the factors influencing its adoption, a key step to-
ward more effective implementation [36]. A plethora of theories and
models have emerged to shed light on the factors that affect behaviour
and adoption of technologies, with the most prominent being the
Rogers’ Theory of Diffusion of Innovation, Davis et al.’s Technology
Acceptance model and Ajzen’s Theory of Planned Behaviour. Rogers’
Theory of Diffusion of Innovation (1983) serves as a foundational
framework, providing a systematic roadmap for adoption. Within this
theoretical framework, Rogers identified five essential attributes that
profoundly influence the adoption rates of innovations: relative advan-
tage, measuring an innovation’s superiority; compatibility, assessing
alignment with pre-existing values and needs; complexity, assessing the
perceived ease of use; trialability, indicating the potential for experi-
mentation and testing; and observability, highlighting the visibility of
tangible benefits associated with the innovation. Innovations scoring
higher on these attributes tend to be adopted more swiftly [37,38].

Simultaneously, the Technology Acceptance Model (TAM), intro-
duced by Davis et al. (1989), directs our attention to two key factors:
perceived usefulness, which reflects the degree to which individuals
believe that a particular system will enhance their job performance, and
perceived ease of use, related to the perception of how effortless it will
be to utilize the system. Both these beliefs are significantly influenced by
the design characteristics of the technology. TAM has undergone
continuous evolution, with researchers introducing new variables and
complicated relationships into the model. As a result, it has become a
widely cited framework for comprehending technology acceptance [39,
40].

Ajzen’s Theory of Planned Behaviour (TPB) (1991) serves as a cen-
tral framework, explaining how individuals arrive at decisions regarding
the adoption of technologies such as Precision Agriculture. It places
significant emphasis on the role of attitudes and intentions in shaping
final decisions. Intentions and actual behaviour are determined by two
additional factors, namely, subjective norms (a person’s perceptions
about the community’s attitude to certain behaviour) and perceived
behavioural control (a person’s perception of ease or difficulty in car-
rying out a behaviour). These theories provide a promising theoretical
framework to examine the behavioural factors that influence adoption
of precision irrigation technologies [34,41].

Extant research with respect to the behavioural factors that foster or
hinder adoption of precision irrigation technologies is scarce. Some
studies have concentrated on investigating a range of factors that in-
fluence the adoption of smart farming technologies [42-44]. Partalidou
et al. [43] identified the primary barriers to adoption as a lack of
knowledge, lack of guidance or support systems for the effective utili-
zation of technology, and high initial investment costs. Kernecker et al.
[42] focused on various technology-related factors and highlighted the
importance of perceived usefulness, compatibility, ease of use, and
perceived benefits in driving adoption of precision agriculture technol-
ogies. Systemic factors also play a role with financial support, legal
framework, extension and advisory services, and the availability of
informational sources playing a crucial role in bridging the gap between
technology providers and end-users [42,44]. However, there is a lack of
empirical studies specifically investigating the context of precision
irrigation technologies and the associated determinants of farmers’
adoption. This paper seeks to address this gap in the literature and aims
to analyse the determinants of farmers’ adoption precision irrigation in
olive and cotton farming in Greece by focusing on certain individual
behavioural factors.

2. Theoretical model

In this section, we present our theoretical framework for under-
standing the adoption of precision irrigation (Fig. 1). In this framework,



K. Kakkavou et al.

Smart Agricultural Technology 7 (2024) 100401

Perceived
behavioural Risk aversion

to adopt

Environmental / \ Perceived

consciousness compatibility
Perceived
economic
benefits

Fig. 1. Hypothesized adoption intention model for precision irrigation.

we propose a series of hypothesis, labelled as H1, H2, and so forth,
which guide our research. Each hypothesis addresses a particular
research question, and we will explain each one further in the upcoming
sections.

2.1. Perceived behavioural control

In the context of socio-psychological factors, individuals’ intentions
play a crucial role in predicting their actual engagement in specific be-
haviours. This principle holds true for farmers as well, where the belief
that they possess the necessary skills and time required for technology
adoption significantly influences their likelihood of adopting it [45].
Perceived behavioural control is a key factor of Ajzen’s Theory of
Planned Behaviour and refers to an individual’s belief in their ability to
perform a specific behaviour. This belief is shaped by their perception of
various control factors that can either make the behaviour easier or
more difficult to execute. These control factors encompass a range of
aspects, such as one’s skills and abilities, the availability of time, money,
and other resources, as well as the cooperation and support of others
[46]. In the context of adopting new technologies, perceived behav-
ioural control relates to farmers’ perceptions of the ease or difficulty
associated with the adoption process. Previous studies found that
farmers exhibited a higher willingness to embrace new agricultural
techniques when they perceived that the learning requirements were
manageable and substantial investments were not necessary [47-50].

Hj: Perceived behavioural control has positive correlation with
adoption of precision irrigation technologies.

2.2. Environmental consciousness

Another individual factor that may affect farmer adoption is envi-
ronmental consciousness. The importance of examining environmental
consciousness lies in its ability to predict subsequent environmental
actions. Environmental attitudes, which are viewed as enduring beliefs
shaping how individuals interact with the environment, are expected to
guide individuals towards corresponding pro-environmental behav-
iours. Based on Schwartz’s theory, individuals are more likely to take
action when they are aware of the positive consequences of their actions
and feel a sense of responsibility for helping the environment [51]. Prior
research has delved into the influence of environmental consciousness
on the adoption of environmentally friendly agricultural practices, with
findings indicating that cultivating a strong personal sense of

responsibility for environmental issues, such as water pollution [52]
along with maintaining a heightened awareness of environmental issues
[53], acts as a substantial catalyst for embracing environmentally
friendly agricultural practices.

Hsy: Environmental consciousness has positive correlation with
adoption of precision irrigation technologies.

2.3. Perceived economic benefits

Perceived economic benefits is expected to be a key influencing
factor in the adoption of precision irrigation. Perceived economic ben-
efits refer to the expected economic rewards that farmers anticipate
reaping after investing in precision irrigation practices. These rewards
may manifest as heightened productivity, increased profitability, and
savings in labour. When farmers believe that adopting sustainable
practices will bring them economic advantages, they are more inclined
to embrace such practices [54]. Understanding the potential advantages
of increased yields and cost savings increases confidence, thereby alle-
viating their uncertainties and fears associated with adopting agricul-
tural technologies [55].

Hs: Perceived economic benefits have positive correlation with
adoption of precision irrigation technologies.

2.4. Perceived compatibility

Perceived compatibility is a critical factor to investigate when
examining the adoption of technology. This concept is closely tied to the
widely recognized Technology Acceptance Model (TAM). Perceived
compatibility, within the context of technology adoption, delves into the
degree to which individuals perceive a new technology as aligning with
their established values, past experiences, work routines, and personal
preferences [56]. The influence of perceived compatibility on users is
substantial. It significantly shapes their attitudes and intentions
regarding the acceptance and utilization of technology. For example, a
producer who is committed to traditional agricultural practices is un-
likely to incorporate new technologies into their system because it is
incompatible with the existing values and norms of its farming practices
[34].

Hy: Perceived compatibility has positive correlation with adoption of
precision irrigation technologies.
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2.5. Risk aversion

Risk aversion has a substantial influence on the adoption of precision
agricultural technologies, primarily due to the significant initial in-
vestment costs that heighten financial risk [57]. Risk aversion refers to
the tendency to avoid risks and have low risk tolerance. Farmers are
constantly faced with various risks which can be associated with pro-
ductions risks (e.g., yield variability due to climate change or yield loss),
policy risks (changes in legal framework, subsidies, etc.), market risks (e.
g., changes in the prices of agricultural inputs, market demand) [58].
Studies have found that farmers who are unwilling to take risks tend to
overestimate the costs associated with adopting a new technology and
show lower intention to invest in sustainable agricultural practices [52,
53].

Hs: Risk aversion has negative correlation with adoption of precision
irrigation technologies.

3. Materials and methods
3.1. Study area

The research took place in two regions of Greece: Messenia with olive
producers and Thessaly with cotton producers. Messenia is situated in
the southwestern area of the Peloponnese Peninsula, with its regional
capital being Kalamata. Messenia’s economic backbone centres on
agriculture, particularly the cultivation of olive trees for olive oil and
edible olives, establishing it as a major player in Europe’s olive oil in-
dustry. The predominant olive variety cultivated in this region is Kala-
mon. In 2016, agricultural land in the Messenia region comprised a
significant 25 % (734.3 km?) of the total land area, with olive groves
dominating, covering the 82 % (604.1 km?) of this agricultural expanse.
Messenia experiences a temperate climate characterized by mild winters
and hot summers. The mean annual temperature typically ranges from
13°C to 19°C. During winter, the lowlands and coastal regions maintain
an average temperature between 17°C and 21°C, thanks to warm and
humid south winds. In Messenia, the annual precipitation averages be-
tween 800 and 1600 mm, varying with the region’s elevation. Winter in
the area is marked by the passage of depressions forming over the
Mediterranean Sea, while in summer, the region is influenced by heat
waves from North Africa [59,60].

The second region, Thessaly, is located in central Greece. Thessaly is
a major cotton-growing area cultivating approximately 100,000 ha of
cotton on average, out of the 240,000 ha of the national cotton culti-
vation which constitutes 80 % of the total European production [61,62].
The climate in the western and central regions of Thessaly is charac-
terized by continental conditions, resulting in cold winters and hot
summers with significant temperature fluctuations. Conversely, the
coastal areas of Thessaly enjoy a more Mediterranean climate. During
the summer months, Thessaly experiences hot and dry conditions, with
July and August temperatures soaring to 40°C. On average, Thessaly
receives approximately 700 mm of annual precipitation, but this varies
significantly across the region. In the central plain, rainfall averages
around 400 mm, while the western mountain peaks can receive over
1850 mm of rainfall. During the summer there is minimal rainfall [63].

3.2. Survey design

A survey was developed with the aim of examining the factors
influencing the adoption of precision irrigation by olive growers in
Messenia and cotton growers in Thessaly. The questionnaire initially
asked participants about their knowledge with respect to precision
irrigation technologies and subsequently provided a definition before
eliciting participants’ responses about whether they have previously
adopted such a technology. The questionnaire consisted of the following
main sections: 1) farmer demographics, 2) farm characteristics, 3)
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behavioural factors affecting adoption and 4) intention to adopt preci-
sion irrigation technologies. Independent variables included perceived
behavioural control, environmental consciousness, perceived economic
benefits, perceived compatibility, risk aversion while the dependent
variable was the intention to adopt precision irrigation technologies. For
each variable, respondents were required to indicate their level of
agreement or disagreement with the corresponding statement using a 5-
point Likert scale, where 1 signified "strongly disagree" and 5 repre-
sented "strongly agree". Scales were adopted from previous literature
and adapted to the context of precision irrigation, where needed. Vari-
ables were measured using at least three item statements to ensure
consistency and reliability of measurement. Positive- and negative-
phrased statements were used, and negative statements were then
recoded for statistical analysis. Finally, prior to the distribution of the
questionnaire, it was piloted with 20 farmers from both Messenia and
Thessaly and the wording was adjusted based on their feedback. Table 1
provides a list of items used to measure the study variables, along with
their corresponding references and the Cronbach’s alpha values, which
gauge the internal consistency of these items. As is evident from Table 1
in all cases Cronbach’s alpha exceeded 0.7, a minimum threshold indi-
cating acceptable reliability.

3.3. Data collection

Data collection lasted for three months in the period between July
and September 2022. The questionnaire was administered face-to-face.
The direct face-to-face interactions with the targeted producers
allowed the research team to address any queries, provide additional
context, and ensure a comprehensive understanding of the question-
naire. In collaboration with major farmer associations in Messenia and
Thessaly, the snowballing technique was employed to facilitate farmer
recruitment and data collection. A total number of 82 farmers was
achieved, with 42 from Thessaly and 40 from Messenia, which has been
regarded as representative due to the length of the questionnaire and its
non-technical dimension of precision irrigation.

3.4. Data analysis

The data collected were manually inputted into the Excel for further
processing and analysis. The dataset was further imported to IBM SPSS
Statistics 21 for the analysis. Initially, data were checked for missing
values by examining frequencies to ensure there were no missing data.
Subsequently, descriptive analysis was conducted to gain an under-
standing of the data properties, including standard deviation and mean
for continuous variables, as well as frequency analysis for categorical
variables. For variables measured on a Likert scale that consisted of
three or more questions, a reliability analysis was performed using
Cronbach’s alpha. As previously indicated, Cronbach’s alpha demon-
strated reliability levels exceeding the acceptable threshold. Conse-
quently, the questions were combined into a single variable which was
calculated as the average of responses to each item statement. After-
wards, a correlation analysis was performed, specifically using Pearson’s
correlation coefficient, to assess the degree and direction of relation-
ships between various variables in our study. Subsequently, a multiple
linear regression analysis was conducted in SPSS to examine the impact
of independent variables on the dependent variable. Finally, the sample
was divided into two groups: cotton farmers in Thessaly and olive
farmers in Messenia. To assess differences between the two groups, in-
dependent samples t-tests were used for continuous variables, while Chi-
square statistics were employed for comparisons of categorical
variables.
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Table 1

Study variables, measurement items, references, and Cronbach’s alpha

coefficients.

Variables

Items

No. Sources

Cronbach’s
alpha

Perceived
behavioural
control

Environmental
consciousness

Perceived
economic
benefits

Perceived
compatibility

Risk aversion

It is easy for me to find the
information I need for the
use of precision irrigation
technologies in my
cultivation.

I have the technical skills to
implement precision
irrigation in my
cultivation.

I can afford the financial
expenses for the
implementation of
precision irrigation in my
cultivation.

I have the time to dedicate
to the use of precision
irrigation technologies in
my cultivation.

Precision irrigation cannot
be easily applied in my
cultivation.

It is my personal
responsibility to help
protect the environment.
It is important to me to
protect the environment
even if it slows down
economic growth of my
farming activities.

My actions have an impact
on the environment.

The well-being of the
community depends on the
preservation of the
environment.

Adoption of precision
irrigation will lead to
improved technical
performance.

Adoption of precision
irrigation will lead to
improved economic
performance.

Adoption of precision
irrigation will lead to
labour savings.

Adoption of precision
irrigation will lead to lower
costs.

Adoption of precision
irrigation will lead to
higher product selling
price.

Adoption of precision
irrigation will lead to
higher productivity.
Adoption of precision
irrigation will lead to lower
economic risk.

Adoption of precision
irrigation will lead to more
profits.

The use of precision
irrigation is consistent with
my beliefs.

Precision irrigation aligns
with my work values.

The use of precision
irrigation is compatible
with my working style.

I exhibit general risk
aversion.

1 [64]

2 [64]

3 [64]

4 [64]

5 [64]

1 [65]

2 [65]

3 [65]

1 [54]

3 [54]

6 [54]

7 [54]

8 [54]

1 [66]

2 [66]

3 [66]

1 [67]

.77

71

.84

.85

.83
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Table 1 (continued)

Variables Items No.  Sources  Cronbach’s
alpha
I exhibit risk aversion 2 [67]
concerning my personal
health.
I exhibit risk aversion in the 3 [67]
context of financial
matters.
Intention to I plan to use precision 1 [68] .84
adopt irrigation technologies this
year.
1 intend to use precision 2 [68]

irrigation technologies for

the next 5 years.

I will use precision 3 [68]
irrigation technologies

regularly in the future.

4. Results

4.1. Sociodemographic characteristics of producers and farm
characteristics

The total number of responses was 82. From the 82 surveyed farmers,
44 % indicated that they were familiar with precision irrigation tech-
nologies, whereas the remaining 56 % reported not having knowledge of
these technologies (Fig. 2). Furthermore, only 20 % of the respondents
had previously employed precision irrigation technologies, while 80 %
respondents had not yet incorporated them into their agricultural
practices (Fig. 3).

Comparisons between cotton and olive farmers in Thessaly and
Messenia revealed that no significant differences were observed in their
knowledge of precision irrigation technologies (y2(1) = 0.410, p =
0.522 > 0.05) and their previous use of such technologies (y2(1) =
1.012, p = 0.314 > 0.05).

Table 2 displays the sociodemographic characteristics of re-
spondents. Most respondents in the study are males (90.2 %) aged be-
tween 36 and 45 years old (24.4 %). A majority of them have completed
high school education (42.7 %), while a significant number hold un-
dergraduate degrees (40.2 %). More than half of farmers report annual
incomes of 20,000 euros or lower (51.2 %). Income is primarily derived
from agricultural activities, constituting more than 75 % of their income
sources (30.5 %). Additionally, farmers in the survey report having 1 to
10 years of farming experience (47.6 %) while a substantial portion of
respondents indicate 11 to 20 years of farming experience (22.2 %).
Lastly, the majority manages farms spanning from 8.1 to 18 ha in size
(23.2 %) and 1.6 to 3.5 ha (20.7 %).

4.2. Descriptive statistics for study variables

Table 3 presents the means and standard deviations of the study

Do you know about precision
irrigation?

= Yes = No

Fig. 2. Farmers’ knowledge about precision technologies.
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Have you used precision
irrigation technology?

80%

m Yes No

Fig. 3. Farmers’ adoption of precision irrigation irrigation technologies.

Table 2
Sociodemographic and farm characteristics (N = 82).
Characteristics Frequency Percentage
Gender
Female 8 9.8 %
Male 74 90.2 %
Age
<25 years 15 18.3 %
25-35 18 22 %
36-45 20 24.4 %
46-55 18 22 %
Above 55 11 13.4%
Education
Elementary School 1 1.2%
Middle School 3 3.7 %
High School 35 42.7 %
Undergraduate Degree 33 40.2 %
Postgraduate Degree 10 12.2%
Total Annual Income
<20,000 euros 42 51.2%
20,000-40,000 euros 31 37.8%
>40,000 euros 9 11 %
Farm Income %
Up to 25 % 23 28 %
26-50 % 15 18.3 %
51-75 % 19 23.2%
76-100 % 25 30.5 %
Farm Experience
1-10 years 39 47.6 %
11-20 years 18 22.2%
21-30 years 12 14.8 %
Above 30 years 12 14.8 %
Farm Size
Up to 1.5 ha 12 14.6 %
1.6-3.5 ha 17 20.7 %
3.6-8 ha 14 17.1 %
8.1-18 ha 19 23.2%
18.1-40 ha 12 14.6 %
Above 40 ha 8 9.8 %
Table 3
Mean scores and standard deviations of statements of study variables (N = 82).
Variables Mean S.D.
Perceived behavioural control 3.22 .73
Environmental consciousness 3.85 .65
Perceived economic benefits 3.74 .55
Perceived compatibility 3.81 .75
Risk aversion 3.47 .82
Intention to adopt 3.33 .84

variables, each with a sample size (N) of 82. Participants exhibited a
balanced perception of control over the use of precision irrigation
technologies, a notably higher level of environmental consciousness, a
relatively high level of positive views on the economic advantages
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associated with precision irrigation, a relatively high degree of
compatibility between precision irrigation technologies and existing
farming practices, a fair level of risk aversion, and a moderate level of
intention to adopt.

4.3. Factors affecting the adoption of precision irrigation in olive and
cotton farming systems

Pearson correlations have been conducted to examine associations
between variables which are presented in Table 4. Intention to adopt
variable is significantly and positively correlated with perceived eco-
nomic benefits, environmental consciousness, perceived behavioural
control, and compatibility, but not with risk aversion. Furthermore,
most constructs of the model were significantly intercorrelated except
for risk aversion which has weak and non-significant relationships with
the other variables. To assess the potential issue of multicollinearity, we
calculated Variance Inflation Factor (VIF) values for the independent
variables. The analysis revealed that VIF values for most variables were
close to 1, indicating that multicollinearity is not a substantial concern
within the regression analysis (Table 4).

Multiple linear regression analysis was subsequently conducted to
examine the effect of the five independent variables on the intention to
adopt. Regarding model-fit statistics, the Adjusted R-squared value of
0.503 indicates that the independent variables collectively explain
approximately 50.3 % of the variation observed in the dependent vari-
able. Moreover, the F-statistic is 17.427, accompanied by a significance
level (Sig. F) of 0.000, indicating high overall model significance.

As can be seen in Table 5 among the five independent variables
considered, four variables showed a significant relationship at a 5 %
significance level while risk aversion was significant at the 10 % sig-
nificance level. Remarkably, perceived behavioural control contributes
positively with a coefficient of 0.263 (p = 0.015 < 0.05), indicating that
higher levels of perceived behavioural control are associated with
increased probability of adoption precision irrigation technologies (H1).
Environmental consciousness exhibits a strong positive relationship
with a coefficient of 0.361 (p = 0.004 < 0.05), where individuals with
higher levels of environmental consciousness are more likely to adopt
precision irrigation (H2). Similarly, perceived economic benefits dem-
onstrates a positive association with a coefficient of 0.393 (p = 0.007 <
0.05), indicating that heightened perceptions of economic benefits lead
to higher intention to adopt (H3). Perceived compatibility also plays a
role with a coefficient of 0.235 (p = 0.044 < 0.05), signifying that
perceived compatibility contributes positively to adoption (H4). Lastly,
risk aversion exhibits a negative effect on adoption, as indicated by its
coefficient of —0.149 (p = 0.069 < 0.10) (H5). Hence, all the hypotheses
were supported. However, it’s important to emphasize that this negative
effect of risk aversion does not reach statistical significance at the con-
ventional p-value threshold of 5 %. Instead, it falls just above this
threshold, with a p-value of less than 7 %.

In Table 6, results in Messenia and Thessaly are presented. The
means and standard deviations of each study variable for the two study
groups, cotton farmers in Thessaly and olive farmers in Messenia, are
presented, along with the results of the statistical test of significant
differences between these two groups. On average, the intention to
adopt was similar among cotton farmers in Thessaly and olive farmers in
Messenia (t(80) = —0.920, p = 0.360 > 0.05). Similar results were found
for perceived behavioural control (¢(80) = —1.394, p = 0.167 > 0.05)
and environmental consciousness (£(80) = 0.750, p = 0.455 > 0.05)
where differences between olive and cotton farmers did not reach sig-
nificance levels. However, a statistically significant stronger perception
of the economic advantages associated with precision irrigation tech-
nologies was demonstrated by cotton farmers in Thessaly compared to
olive farmers in Messenia (t(80) = —2.575, p = 0.012 < 0.05). In terms
of perceived compatibility, no statistically significant differences were
observed between the two groups (t(80) = 0.680, p = 0.499 > 0.05).
Lastly, on average, cotton farmers in Thessaly exhibited a higher degree
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Table 4
Pearson correlation of study variables (N = 82).
Variable VIF Intention to Perceived behavioural Environmental Perceived economic Perceived Risk
adopt control consciousness benefits compatibility aversion
Intention to adopt -
Perceived behavioural 1.398  .523** -
control
Environmental 1.419 .525%* .3377% -
consciousness
Perceived economic 1.399 501+ 443+ .199* -
benefits
Perceived compatibility 1.703  .566"* 4297+ .519%* 447+ -
Risk aversion 1.008 —0.130 .037 —0.045 .057 .023 -

™ Significant at p < 0.01.

Table 5
Results from the multiple linear regression analysis for the adoption of precision
irrigation technologies in Messenia and Thessaly (N = 82).

Variables B Std. Beta t p-
Error value

(Constant) -0.759  .609 -1.246 217

Perceived behavioural .263 .106 .230 2.487 .015
control

Environmental .361 .120 .281 3.010 .004
consciousness

Perceived economic .393 141 .257 2.776 .007
benefits

Perceived compatibility .235 115 .210 2.051 .044

Risk aversion —0.149 .081 —0.145 —1.847 .069

Table 6
Comparison of Behavioural Factors between Olive Farmers in Messenia (N = 40)
and Cotton Farmers in Thessaly (N = 42).

Study variables Olive farmers in Cotton farmers in Difference
Messenia Thessaly

Intention to adopt 3.24 (0.95) 3.41 (0.72) -

Perceived behavioural 3.11 (0.74) 3.33 (0.72) -
control

Environmental 3.91 (0.74) 3.80 (0.57) -
awareness

Perceived economic 3.58 (0.64) 3.89 (0.40)
benefits

Perceived compatibility 3.87 (0.76) 3.75 (0.74) -

Risk Aversion 3.30 (0.86) (0.75)

of risk aversion compared to olive farmers in Messenia. This difference
was found to be statistically significant, but it’s worth noting that it falls
just below the threshold of 10 % (t(80) = —1.888, p = 0.063 < 0.10).

5. Discussion

The adoption of precision irrigation technologies in agricultural
practices is a multifaceted process influenced by a variety of factors. In
this section, we discuss the results of our study, which aimed to find the
intricate web of behavioural factors affecting the adoption of precision
irrigation technologies among farmers in the regions of Messenia and
Thessaly in Greece. We selected five key factors—perceived behavioural
control, environmental consciousness, perceived economic benefits,
perceived compatibility, risk aversion—to explore their impact on pre-
cision irrigation technology adoption. Behavioural factors have been
systematically neglected in previous studies on the adoption of precision
irrigation. These factors were chosen based on their theoretical rele-
vance and empirical evidence from previous studies in the field of
technology adoption.

Findings from the questionnaire indicate that perceived behavioural
control emerged as a robust predictor of farmers’ propensity to embrace

precision irrigation technologies. These findings align with the Theory
of Planned Behaviour [69], which asserts that an individual’s perception
of control over a specific behaviour substantially shapes their intentions
and, consequently, their actual conduct. This underscores the idea that
farmers’ actions are profoundly affected by their self-assuredness in
their capacity to execute a particular behaviour, with this perception
playing a vital role in predicting and comprehending adoption of pre-
cision irrigation in their farming activities. The presence of facilitating
conditions or situational constraints change farmers’ perceptions with
respect to the ease or difficulty of performing a given behaviour [70]. In
essence, our study revealed that farmers who exhibited a stronger sense
of control over the adoption of precision irrigation technologies were
significantly more inclined to adopt them. This outcome harmonizes
with previous research in the realm of agriculture [71,72], which
emphasized the importance of perceived behavioural control in sus-
tainable farming practices adoption.

Regarding environmental consciousness our data revealed that in-
dividuals with higher levels of environmental consciousness were more
inclined to embrace precision irrigation technologies. This inclination
can be attributed to the profound sense of environmental responsibility
that accompanies heightened awareness [65]. These farmers are prob-
ably more aware of the environmental challenges posed by traditional
irrigation practices, climate change and recognize precision irrigation as
a sustainable alternative. By significantly reducing water usage and
minimizing the adverse environmental footprint of farming, precision
irrigation aligns with their environmentally conscious values. This
finding is in line with a growing body of literature [73,74] emphasizing
the role of environmental considerations in influencing farmers’ adop-
tion of environmentally friendly practices and technologies. This em-
phasizes the need for strategies that induce long-term changes in
individual behaviour towards environmental issues [51].

Perceived economic benefits have proven to be a significant pre-
dictor for the adoption of precision irrigation technologies. Our study
indicates that farmers are more inclined to transition from conventional
irrigation practices when they perceive tangible economic advantages
linked to precision irrigation, such as increased productivity and cost
savings. This aligns with broader insights from the literature [43,75,76].
Farmers need to be confident that the long-term benefits outweigh the
costs, helping to mitigate uncertainties and apprehensions associated
with the adoption of agricultural technologies [35,77]. This effect may
be more pronounced in the Greek context where the majority of agri-
cultural holdings are characterized by their small size increasing the
perceived risks associated with new practices.

Perceived compatibility, in line with Technology Acceptance Model
(TAM), stands out as a critical determinant in shaping farmers’ in-
tentions to adopt precision irrigation technologies. Those farmers who
perceive precision irrigation technologies as harmonious with their
existing agricultural practices, farming operations and values exhibit a
higher propensity for adoption [56]. This reflects the fundamental
principle that people’s readiness to adopt an innovation depends on its
alignment with their daily routines, goals, and values. Essentially, when
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farmers see precision irrigation technologies as a natural extension of
their established routines, the perceived compatibility strongly in-
fluences their decision to adopt them [78]. These findings resonate with
prior research [42,47,79,80] highlighting the critical role of perceived
compatibility with current practices in shaping farmers’ technology
adoption decisions.

Furthermore, our study underscores the noteworthy, albeit margin-
ally significant, impact of risk aversion on the adoption of precision
irrigation technologies among farmers. This finding suggests that risk-
averse farmers may be hesitant to adopt these technologies. This
reluctance can be attributed to the inherent caution often exhibited by
risk-averse individuals, who prioritize strategies geared toward mini-
mizing financial risk in their agricultural operations. Precision irrigation
systems necessitate an initial investment in specialized equipment and
technology, which may be perceived as risky, especially when uncer-
tainty covers technology performance and potential return on invest-
ment. Furthermore, risk-averse farmers may overestimate the
probability of losses associated with new investments and may choose to
maintain their current, familiar methods and technologies, avoiding
risks associated with adopting new, unfamiliar technologies [81].
Hence, risk aversion can pose a significant barrier to adoption, even
when precision irrigation holds the promise of long-term benefits. The
finding that risk averse farmers are less likely to adopt precision irri-
gation technologies aligns with other studies [71,82].

In summary, our study underlines the important role of perceived
behavioural control, environmental consciousness, perceived economic
benefits, perceived compatibility, and risk aversion in the adoption of
precision irrigation technologies. These findings highlight the signifi-
cance of developing tailored educational and training programs aimed
at farmers in these regions to build their capacities and increase their
perceived behavioural control in integrating precision irrigation tech-
nologies into their olives and cotton farming activities. Furthermore,
marketing campaigns and availability of information sources with
respect to the impacts of climate change and the benefits of precision
irrigation technologies could increase environmental awareness in the
farming communities of these regions. CAP financial support schemes
that support investment costs in new technologies as well as the devel-
opment of both mandatory and voluntary schemes for the transition to
more sustainable agricultural practices to tap the more risk averse/less
environmentally conscious individuals versus more risk-seeking/more
environmentally conscious ones are expected to foster adoption rates
of precision irrigation technologies. The influence of risk aversion in
adoption of new technologies underscores the pressing need for the
development of innovative risk management tools specifically designed
to mitigate uncertainty and alleviate concerns among risk-averse
farmers. As precision irrigation continues to offer substantial advan-
tages for both agriculture and the environment, our study emphasizes
the importance of targeted interventions and support mechanisms to
promote its adoption and foster more sustainable farming practices.

While our study contributes valuable insights into the behavioural
factors influencing the adoption of precision irrigation technologies, it is
essential to acknowledge certain limitations that may impact the
generalizability of our findings. One notable limitation is the potential
bias introduced by selecting farmers through collaboration with major
farmer associations, as these affiliated farmers may hold different atti-
tudes and practices compared to their non-affiliated counterparts.
Moreover, the relatively small sample size further emphasizes the need
for caution in generalizing our results. To enhance the robustness of
future research in this area, we recommend incorporating larger sample
sizes. Additionally, gaining insights from farmers representative of the
general farmer population and extending the geographical scope of the
study would contribute to a more comprehensive understanding of
precision irrigation adoption in the Greek agricultural context.
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6. Conclusions

In conclusion, this study explored the determinants of precision
irrigation technology adoption among farmers in the Messenia and
Thessaly regions of Greece focusing on olive and cotton growers
respectively. Our study emphasizes the critical influence of environ-
mental consciousness on farmers’ intention to adopt precision irrigation
technologies. Additionally, perceived economic benefits, perceived
behavioural control, and perceived compatibility play significant roles
in driving this intention. While risk aversion has a smaller impact, it
remains a noteworthy factor in our analysis.

This study builds upon the Theory of Planned Behaviour and the
Technology Acceptance Model to investigate the impact of various
behavioural factors in the adoption of precision irrigation technologies
in Greece. The research addresses the significant gaps in the literature
which has focused mainly on farm and agro-ecological related factors,
socio-demographics, and technology-related characteristics, thus,
neglecting the importance of farmer individual characteristics and
behavioural factors. Findings from this study have important implica-
tions for strategy implementation and policy design.

Future research may delve further into additional variables,
providing a more comprehensive understanding of the intricate adop-
tion process within precision agriculture in Greece and other European
countries. Systemic factors, such as norms, information sources, exten-
sion and advisory services, legal framework, financial support are ex-
pected to significantly influence farmer adoption of precision irrigation
technologies. Furthermore, additional methodologies could be
employed to add more evidence on the farm decision making processes
with respect to adoption of precision irrigation. Interviews could pro-
vide a more in-depth exploration of the process while experimental
designs could establish causal relationships between behavioural factors
and the intention to adopt.

Informed consent

Not applicable.
CRediT authorship contribution statement

Konstantina Kakkavou: Conceptualization, Data curation, Formal
analysis, Investigation, Methodology, Visualization, Writing — original
draft. Marilena Gemtou: Conceptualization, Data curation, Formal
analysis, Methodology, Writing — review & editing. Spyros Fountas:
Conceptualization, Methodology, Supervision, Writing — review &
editing.
Declaration of competing interest

The authors declare no conflict of interest.

Data availability

Data will be made available on request.

Funding

This research was funded by the European Commission, grant
number 101060645.

References

[1] 1. Tsakmakis, N. Kokkos, V. Pisinaras, V. Papaevangelou, E. Hatzigiannakis,
G. Arampatzis, G.D. Gikas, R. Linker, S. Zoras, V. Evagelopoulos, Operational
precise irrigation for cotton cultivation through the coupling of meteorological and
crop growth models, Water Resour. Manage. 31 (2017) 563-580, https://doi.org/
10.1007/s11269-016-1548-7.


https://doi.org/10.1007/s11269-016-1548-7
https://doi.org/10.1007/s11269-016-1548-7

K. Kakkavou et al.

[2]

[3]

[4]

(5]

[6

—

[7]

[8

=

[91

[10]
[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

D. Voloudakis, A. Karamanos, G. Economou, D. Kalivas, P. Vahamidis, V. Kotoulas,
J. Kapsomenakis, C. Zerefos, Prediction of climate change impacts on cotton yields
in Greece under eight climatic models using the AquaCrop crop simulation model
and discriminant function analysis, Agric. Water Manage. 147 (2015) 116-128,
https://doi.org/10.1016/j.agwat.2014.07.028.

L.V. Noto, G. Cipolla, D. Pumo, A. Francipane, Climate change in the
Mediterranean Basin (Part II): a review of challenges and uncertainties in climate
change modeling and impact analyses, Water Resour. Manage. (2023) 1-17,
https://doi.org/10.1007/s11269-023-03444-w.

M. Loizidou, C. Giannakopoulos, M. Bindi, K. Moustakas, Climate Change Impacts
and Adaptation Options in the Mediterranean Basin, Springer, 2016, https://doi.
org/10.1007/510113-016-1037-9.

C. Russo, G.M. Cappelletti, G.M. Nicoletti, A.E. Di Noia, G. Michalopoulos,
Comparison of European olive production systems, Sustainability 8 (2016) 825,
https://doi.org/10.3390/s5u8080825.

Olive trees cover 4.6 million hectares in the EU, (n.d.). https://ec.europa.eu/eur
ostat/web/products-eurostat-news/-/ddn-20190301-1 (accessed November 7,
2023).

G. Kountios, I. Chatzis, C. Konstantinidis, M. Tsiouni, A. Kontogeorgos,

G. Papadavid, Irrigation plan for cotton farm in Palamas, Karditsa prefecture,
Thessaly, Greece, in: Ninth International Conference on Remote Sensing and
Geoinformation of the Environment (RSCy2023), SPIE, 2023, pp. 606-614,
https://doi.org/10.1117/12.2682691.

Cotton, (n.d.). https://agriculture.ec.europa.eu/farming/crop-productions-and
-plant-based-products/cotton_en (accessed November 7, 2023).

E. Kokkotos, A. Zotos, A. Patakas, Evaluation of water stress coefficient Ks in
different olive orchards, Agronomy 10 (2020) 1594, https://doi.org/10.3390/
agronomy10101594.

A'F. Shahan Aziz, A. Riaz, Z. Ali, N. Naz, M.A. Fitrat Ullah, Impact of climate
change on cotton production and its mitigation strategies, (n.d.).

V. Zampounis, Olive oil in the world market. Olive Oil, Elsevier, 2006, pp. 21-39,
https://doi.org/10.1016/B978-1-893997-88-2.50007-9.

D. Lal, R. Niwas, Climate change and their impact on agriculture, Dr. Reema Bora.
(2023) 47.

A.S. Brar, K. Kaur, V.K. Sindhu, N. Tsolakis, J.S. Srai, Sustainable water use
through multiple cropping systems and precision irrigation, J. Clean. Prod. 333
(2022) 130117, https://doi.org/10.1016/j.jclepro.2021.130117.

E.A. Abioye, M.S.Z. Abidin, M.S.A. Mahmud, S. Buyamin, M.H.I. Ishak, M.K.I. Abd
Rahman, A.O. Otuoze, P. Onotu, M.S.A. Ramli, A review on monitoring and
advanced control strategies for precision irrigation, Comput. Electron. Agric. 173
(2020) 105441, https://doi.org/10.1016/j.compag.2020.105441.

E.A. Abioye, O. Hensel, T.J. Esau, O. Elijah, M.S.Z. Abidin, A.S. Ayobami,

O. Yerima, A. Nasirahmadi, Precision irrigation management using machine
learning and digital farming solutions, AgriEngineering 4 (2022) 70-103, https://
doi.org/10.3390/agriengineering4010006.

S. Liaghat, S.K. Balasundram, A review: the role of remote sensing in precision
agriculture, Am. J. Agric. Biol. Sci. 5 (2010) 50-55.

R. Smith, J. Baillie, Defining precision irrigation: a new approach to irrigation
management, in: Irrigation Australia 2009: Irrigation Australia Irrigation and
Drainage Conference: Proceedings, University of Southern Queensland, 2009.

A. Filintas, A. Nteskou, N. Kourgialas, N. Gougoulias, E. Hatzichristou,

A comparison between variable deficit irrigation and farmers’ irrigation practices
under three fertilization levels in cotton yield (Gossypium hirsutum L.) using
precision agriculture, remote sensing, soil analyses, and crop growth modeling,
Water 14 (2022) 2654, https://doi.org/10.3390/w14172654.

X. Chen, Z. Qi, D. Gui, M.W. Sima, F. Zeng, L. Li, X. Li, Z. Gu, Evaluation of a new
irrigation decision support system in improving cotton yield and water
productivity in an arid climate, Agric. Water Manage. 234 (2020) 106139, https://
doi.org/10.1016/j.agwat.2020.106139.

G. Vellidis, V. Liakos, J.H. Andreis, C.D. Perry, W.M. Porter, E.M. Barnes, K.

T. Morgan, C. Fraisse, K.W. Migliaccio, Development and assessment of a
smartphone application for irrigation scheduling in cotton, Comput. Electron.
Agric. 127 (2016) 249-259, https://doi.org/10.1016/j.compag.2016.06.021.
J.M. McKinion, J.N. Jenkins, D. Akins, S.B. Turner, J.L. Willers, E. Jallas, F.

D. Whisler, Analysis of a precision agriculture approach to cotton production,
Comput. Electron. Agric. 32 (2001) 213-228, https://doi.org/10.1016/50168-
1699(01)00166-1.

R. Sui, H. Yan, Field study of variable rate irrigation management in humid
climates, Irrig. Drain. 66 (2017) 327-339, https://doi.org/10.1002/ird.2111.

G. Vellidis, M. Tucker, C. Perry, D. Reckford, C. Butts, H. Henry, V. Liakos, R.

W. Hill, W. Edwards, A soil moisture sensor-based variable rate irrigation
scheduling system. Precision Agriculture’13, Springer, 2013, pp. 713-720.

C.B. Hedley, 1.J. Yule, Soil water status mapping and two variable-rate irrigation
scenarios, Precis. Agric. 10 (2009) 342-355, https://doi.org/10.1007/s11119-009-
9119-z.

A. Haghverdi, B.G. Leib, R.A. Washington-Allen, M.J. Buschermohle, P.D. Ayers,
Studying uniform and variable rate center pivot irrigation strategies with the aid of
site-specific water production functions, Comput. Electron. Agric. 123 (2016)
327-340, https://doi.org/10.1016/j.compag.2016.03.010.

A. McCarthy, J. Foley, P. Raedts, J. Hills, Field evaluation of automated site-
specific irrigation for cotton and perennial ryegrass using soil-water sensors and
Model Predictive Control, Agric. Water Manage. 277 (2023) 108098, https://doi.
org/10.1016/j.agwat.2022.108098.

L.N. Lacerda, J. Snider, Y. Cohen, V. Liakos, M.R. Levi, G. Vellidis, Correlation of
UAV and satellite-derived vegetation indices with cotton physiological parameters

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

Smart Agricultural Technology 7 (2024) 100401

and their use as a tool for scheduling variable rate irrigation in cotton, Precis.
Agric. 23 (2022) 2089-2114, https://doi.org/10.1007/s11119-022-09948-6.

K. Fotia, A. Mehmeti, I. Tsirogiannis, G. Nanos, A.P. Mamolos, N. Malamos,

P. Barouchas, M. Todorovic, LCA-based environmental performance of olive
cultivation in Northwestern Greece: from rainfed to irrigated through conventional
and smart crop management practices, Water 13 (2021) 1954, https://doi.org/
10.3390/w13141954.

M. Aziz, M. Khan, N. Anjum, M. Sultan, R.R. Shamshiri, S.M. Ibrahim, S.

K. Balasundram, M. Aleem, Scientific irrigation scheduling for sustainable
production in olive groves, Agriculture 12 (2022) 564, https://doi.org/10.3390/
agriculture12040564.

F. Capraro, S. Tosetti, F. Rossomando, V. Mut, F.Vita Serman, Web-based system
for the remote monitoring and management of precision irrigation: a case study in
an arid region of Argentina, Sensors 18 (2018) 3847, https://doi.org/10.3390/
s18113847.

A. Dag, Y. Cohen, V. Alchanatis, I. Zipori, M. Sprinstin, A. Cohen, T. Maaravi,

A. Naor, Automated detection of malfunctions in drip-irrigation systems using
thermal remote sensing in vineyards and olive orchards. In: Precision
Agriculture’15, Wageningen Academic Publishers, 2015, pp. 12-23, https://doi.
org/10.3920/978-90-8686-814-8_64.

G. Caruso, G. Palai, R. Gucci, S. Priori, Remote and proximal sensing techniques for
site-specific irrigation management in the olive orchard, Appl. Sci. 12 (2022) 1309,
https://doi.org/10.3390/app12031309.

Y.S. Tey, M. Brindal, A meta-analysis of factors driving the adoption of precision
agriculture, Precis. Agric. 23 (2022) 353-372, https://doi.org/10.1007/s11119-
021-09840-9.

H.S. Pathak, P. Brown, T. Best, A systematic literature review of the factors
affecting the precision agriculture adoption process, Precis. Agric. 20 (2019)
1292-1316, https://doi.org/10.1007/s11119-019-09653-x.

A.P. Barnes, 1. Soto, V. Eory, B. Beck, A. Balafoutis, B. Sdnchez, J. Vangeyte,

S. Fountas, T. van der Wal, M. Gomez-Barbero, Exploring the adoption of precision
agricultural technologies: a cross regional study of EU farmers, Land Use Policy 80
(2019) 163-174, https://doi.org/10.1016/j.landusepol.2018.10.004.

S. Monteleone, E.A. de Moraes, B. Tondato de Faria, P.T. Aquino Junior, R.F. Maia,
A.T. Neto, A. Toscano, Exploring the adoption of precision agriculture for irrigation
in the context of agriculture 4.0: the key role of internet of things, Sensors 20
(2020) 7091, https://doi.org/10.3390/520247091.

I. Sahin, Detailed review of Rogers’ diffusion of innovations theory and educational
technology-related studies based on Rogers’ theory, Turk. Online J. Educ.
Technol.-TOJET 5 (2006) 14-23.

E.M. Rogers, Diffusion of Innovations, 3rd ed, Free Press ; Collier Macmillan, New
York : London, 1983.

N. Maranguni¢, A. Grani¢, Technology acceptance model: a literature review from
1986 to 2013, Universal Access Inf. Soc. 14 (2015) 81-95, https://doi.org/
10.1007/510209-014-0348-1.

F.D. Davis, Technology acceptance model: TAM, Al-Suqri, MN, Al-Aufi. AS:
Information Seeking Behavior and Technology Adoption, 1989, pp. 205-219.

1. Ajzen, The theory of planned behavior, Organ. Behav. Hum. Decis. Process. 50
(1991) 179-211, https://doi.org/10.1016/0749-5978(91)90020-T.

M. Kernecker, A. Knierim, A. Wurbs, T. Kraus, F. Borges, Experience versus
expectation: farmers’ perceptions of smart farming technologies for cropping
systems across Europe, Prec. Agric. 21 (2020) 34-50, https://doi.org/10.1007/
s11119-019-09651-z.

M. Partalidou, A. Paltaki, D. Lazaridou, M. Vieri, S. Lombardo, A. Michailidis,
Business model canvas analysis on Greek farms implementing precision
agriculture, Agric. Econ. Rev. 19 (2018) 28-45, https://doi.org/10.22004/ag.
econ.317774.

A.P. Barnes, I. Soto, V. Eory, B. Beck, A.T. Balafoutis, B. Sanchez, J. Vangeyte,

S. Fountas, T. van der Wal, M. Gomez-Barbero, Influencing factors and incentives
on the intention to adopt precision agricultural technologies within arable farming
systems, Environ. Sci. Policy 93 (2018) 66-74, https://doi.org/10.1016/j.
envsci.2018.12.014.

1. Issa, U. Hamm, Adoption of organic farming as an opportunity for Syrian farmers
of fresh fruit and vegetables: an application of the theory of planned behaviour and
structural equation modelling, Sustainability 9 (2017) 2024, https://doi.org/
10.3390/5u9112024.

1. Ajzen, The theory of planned behavior: frequently asked questions, Hum. Behav.
Emerg. Technol. 2 (2020) 314-324, https://doi.org/10.1002/hbe2.195.

A. Bai, I. Kovach, I. Czibere, B. Megyesi, P. Balogh, Examining the adoption of
drones and categorisation of precision elements among hungarian precision
farmers using a trans-theoretical model, Drones 6 (2022) 200, https://doi.org/
10.3390/drones6080200.

M. Michels, C.F. von Hobe, O. Musshoff, A trans-theoretical model for the adoption
of drones by large-scale German farmers, J. Rural Stud. 75 (2020) 80-88, https://
doi.org/10.1016/j.jrurstud.2020.01.005.

S. Mohr, R. Kiihl, Acceptance of artificial intelligence in German agriculture: an
application of the technology acceptance model and the theory of planned
behavior, Prec. Agric. 22 (2021) 1816-1844, https://doi.org/10.1007/s11119-
021-09814-x.

X. Yang, X. Zhou, X. Deng, Modeling farmers’ adoption of low-carbon agricultural
technology in Jianghan Plain, China: an examination of the theory of planned
behavior, Technol. Forecast Soc. Change 180 (2022) 121726, https://doi.org/
10.1016/j.techfore.2022.121726.

M. lizuka, Role of environmental awareness in achieving sustainable development,
(2016).


https://doi.org/10.1016/j.agwat.2014.07.028
https://doi.org/10.1007/s11269-023-03444-w
https://doi.org/10.1007/s10113-016-1037-9
https://doi.org/10.1007/s10113-016-1037-9
https://doi.org/10.3390/su8080825
https://ec.europa.eu/eurostat/web/products-eurostat-news/-/ddn-20190301-1
https://ec.europa.eu/eurostat/web/products-eurostat-news/-/ddn-20190301-1
https://doi.org/10.1117/12.2682691
https://agriculture.ec.europa.eu/farming/crop-productions-and-plant-based-products/cotton_en
https://agriculture.ec.europa.eu/farming/crop-productions-and-plant-based-products/cotton_en
https://doi.org/10.3390/agronomy10101594
https://doi.org/10.3390/agronomy10101594
https://doi.org/10.1016/B978-1-893997-88-2.50007-9
https://doi.org/10.1016/j.jclepro.2021.130117
https://doi.org/10.1016/j.compag.2020.105441
https://doi.org/10.3390/agriengineering4010006
https://doi.org/10.3390/agriengineering4010006
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0016
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0016
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0017
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0017
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0017
https://doi.org/10.3390/w14172654
https://doi.org/10.1016/j.agwat.2020.106139
https://doi.org/10.1016/j.agwat.2020.106139
https://doi.org/10.1016/j.compag.2016.06.021
https://doi.org/10.1016/S0168-1699(01)00166-1
https://doi.org/10.1016/S0168-1699(01)00166-1
https://doi.org/10.1002/ird.2111
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0023
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0023
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0023
https://doi.org/10.1007/s11119-009-9119-z
https://doi.org/10.1007/s11119-009-9119-z
https://doi.org/10.1016/j.compag.2016.03.010
https://doi.org/10.1016/j.agwat.2022.108098
https://doi.org/10.1016/j.agwat.2022.108098
https://doi.org/10.1007/s11119-022-09948-6
https://doi.org/10.3390/w13141954
https://doi.org/10.3390/w13141954
https://doi.org/10.3390/agriculture12040564
https://doi.org/10.3390/agriculture12040564
https://doi.org/10.3390/s18113847
https://doi.org/10.3390/s18113847
https://doi.org/10.3920/978-90-8686-814-8_64
https://doi.org/10.3920/978-90-8686-814-8_64
https://doi.org/10.3390/app12031309
https://doi.org/10.1007/s11119-021-09840-9
https://doi.org/10.1007/s11119-021-09840-9
https://doi.org/10.1007/s11119-019-09653-x
https://doi.org/10.1016/j.landusepol.2018.10.004
https://doi.org/10.3390/s20247091
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0037
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0037
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0037
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0038
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0038
https://doi.org/10.1007/s10209-014-0348-1
https://doi.org/10.1007/s10209-014-0348-1
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0040
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0040
https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/10.1007/s11119-019-09651-z
https://doi.org/10.1007/s11119-019-09651-z
https://doi.org/10.22004/ag.econ.317774
https://doi.org/10.22004/ag.econ.317774
https://doi.org/10.1016/j.envsci.2018.12.014
https://doi.org/10.1016/j.envsci.2018.12.014
https://doi.org/10.3390/su9112024
https://doi.org/10.3390/su9112024
https://doi.org/10.1002/hbe2.195
https://doi.org/10.3390/drones6080200
https://doi.org/10.3390/drones6080200
https://doi.org/10.1016/j.jrurstud.2020.01.005
https://doi.org/10.1016/j.jrurstud.2020.01.005
https://doi.org/10.1007/s11119-021-09814-x
https://doi.org/10.1007/s11119-021-09814-x
https://doi.org/10.1016/j.techfore.2022.121726
https://doi.org/10.1016/j.techfore.2022.121726

K. Kakkavou et al.

[52]

[53]

[54]

[55]

[56]

[571

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

671

[68]

F.J. Dessart, J. Barreiro-Hurlé, R. Van Bavel, Behavioural factors affecting the
adoption of sustainable farming practices: a policy-oriented review, Eur. Rev.
Agric. Econ. (2019), https://doi.org/10.1093/erae/jbz019.

E. Karali, B. Brunner, R. Doherty, A. Hersperger, M. Rounsevell, Identifying the
factors that influence farmer participation in environmental management practices
in Switzerland, Hum. Ecol. 42 (2014) 951-963, https://doi.org/10.1007/s10745-
014-9701-5.

A. Trujillo-Barrera, J.M. Pennings, D. Hofenk, Understanding producers’ motives
for adopting sustainable practices: the role of expected rewards, risk perception
and risk tolerance, Eur. Rev. Agric. Econ. 43 (2016) 359-382, https://doi.org/
10.1093/erae/jbv038.

N.M. Thompson, C. Bir, D.A. Widmar, J.R. Mintert, Farmer perceptions of precision
agriculture technology benefits, J. Agric. Appl. Econ. 51 (2019) 142-163, https://
doi.org/10.1017/aae.2018.27.

E. Karahanna, R. Agarwal, C.M. Angst, Reconceptualizing compatibility beliefs in
technology acceptance research, MIS Q. (2006) 781-804, https://doi.org/
10.2307/25148754.

G. Bucci, D. Bentivoglio, A. Finco, Precision agriculture as a driver for sustainable
farming systems: state of art in literature and research, Calitatea 19 (2018)
114-121.

S.A. Nastis, K. Mattas, G. Baourakis, Understanding farmers’ behavior towards
sustainable practices and their perceptions of risk, Sustainability 11 (2019) 1303,
https://doi.org/10.3390/su11051303.

P. KOTTARIDIS, I. RADULOV, The role of nutrients and fertilization of olive and
potato crops in the region of Messinia, Greece, Res. J. Agric. Sci. 52 (2020) 4.

K. Kalabokidis, P. Palaiologou, E. Gerasopoulos, C. Giannakopoulos,

E. Kostopoulou, C. Zerefos, Effect of climate change projections on forest fire
behavior and values-at-risk in southwestern Greece, Forests 6 (2015) 2214-2240,
https://doi.org/10.3390/f6062214.

G. Vlontzos, C. Athanassiou, M.N. Duquenne, Assess cotton growers’ willingness to
use coated cotton seeds with insecticides. A field research in the Region of
Thessaly, Greece, New Medit. 15 (2016) 90-96.

F. Giles, D. Faniadis, Greece Cotton and products annual 2019, (n.d.).

A. Loukas, L. Vasiliades, J. Tzabiras, Evaluation of Climate Change On Drought
Impulses in Thessaly, 17, European Water, Greece, 2007, pp. 17-28.

A. Al-Swidi, S. Mohammed Rafiul Huque, M. Haroon Hafeez, M. Noor Mohd
Shariff, The role of subjective norms in theory of planned behavior in the context of
organic food consumption, Br. Food J. 116 (2014) 1561-1580, https://doi.org/
10.1108/BFJ-05-2013-0105.

K. Floress, S.G. de Jaldn, S.P. Church, N. Babin, J.D. Ulrich-Schad, L.S. Prokopy,
Toward a theory of farmer conservation attitudes: dual interests and willingness to
take action to protect water quality, J. Environ. Psychol. 53 (2017) 73-80, https://
doi.org/10.1016/j.jenvp.2017.06.009.

A.N. Islam, E-learning system use and its outcomes: moderating role of perceived
compatibility, Telematics Inf. 33 (2016) 48-55, https://doi.org/10.1016/j.
tele.2015.06.010.

P. Sulewski, A. Ktoczko-Gajewska, Farmers’ risk perception, risk aversion and
strategies to cope with production risk: an empirical study from Poland, Stud.
Agric. Econ. 116 (2014) 140-147, https://doi.org/10.22004/ag.econ.196907.

A. Bagheri, A. Bondori, M.S. Allahyari, C.A. Damalas, Modeling farmers’ intention
to use pesticides: an expanded version of the theory of planned behavior,

10

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

771

[78]

[79]

[80]

[81]

[82]

Smart Agricultural Technology 7 (2024) 100401

J. Environ. Manage. 248 (2019) 109291, https://doi.org/10.1016/j.
jenvman.2019.109291.

1. Ajzen, Perceived behavioral control, self-efficacy, locus of control, and the theory
of planned behavior 1, J. Appl. Soc. Psychol. 32 (2002) 665-683, https://doi.org/
10.1111/§.1559-1816.2002.tb00236.x.

A. Daxini, M. Ryan, C. O’Donoghue, A.P. Barnes, Understanding farmers’
intentions to follow a nutrient management plan using the theory of planned
behaviour, Land Use Policy 85 (2019) 428-437.

F. Caffaro, M.M. Cremasco, M. Roccato, E. Cavallo, Drivers of farmers’ intention to
adopt technological innovations in Italy: the role of information sources, perceived
usefulness, and perceived ease of use, J. Rural Stud. 76 (2020) 264-271, https://
doi.org/10.1016/j.jrurstud.2020.04.028.

1. Kahramanoglu, S. Usanmaz, T. Alas, Reasons behind the farmers’ behaviour
about the implementation of sustainable farming practices, J. Sociol. Soc.
Anthropol. 11 (2020) 11.1-3.344, https://doi.org/10.31901/24566764.2020/
11.1-3.344.

K. Kociszewski, A. Graczyk, K. Mazurek-topacinska, M. Sobociniska, Social values
in stimulating organic production involvement in farming—the case of Poland,
Sustainability 12 (2020) 5945, https://doi.org/10.3390/s5u12155945.

A.E. Latawiec, J.B. Krdlczyk, M. Kubon, K. Szwedziak, A. Drosik, E. Polaiczyk,
K. Grotkiewicz, B.B. Strassburg, Willingness to adopt biochar in agriculture: the
producer’s perspective, Sustainability 9 (2017) 655, https://doi.org/10.3390/
su9040655.

A.P. Barnes, L. Soto, V. Eory, B. Beck, A.T. Balafoutis, B. Sanchez, J. Vangeyte,

S. Fountas, T. van der Wal, M. Gomez-Barbero, Influencing incentives for precision
agricultural technologies within European arable farming systems, Environ. Sci.
Policy 93 (2019) 66-74, https://doi.org/10.1016/j.envsci.2018.12.014.

J. Blasch, B. van der Kroon, P. van Beukering, R. Munster, S. Fabiani, P. Nino,

S. Vanino, Farmer preferences for adopting precision farming technologies: a case
study from Italy, Eur. Rev. Agric. Econ. 49 (2022) 33-81, https://doi.org/10.1093/
erae/jbaa031.

C. Ritter, J. Jansen, S. Roche, D.F. Kelton, C.L. Adams, K. Orsel, R.J. Erskine,

G. Benedictus, T.J. Lam, H.W. Barkema, Invited review: determinants of farmers’
adoption of management-based strategies for infectious disease prevention and
control, J. Dairy Sci. 100 (2017) 3329-3347, https://doi.org/10.3168/jds.2016-
11977.

A.S. Syan, V. Kumar, V. Sandhu, B.S. Hundal, Empirical analysis of farmers’
intention to adopt sustainable agricultural practices, Asia-Pacific J. Manag. Res.
Innov. 15 (2019) 39-52, https://doi.org/10.1177/2319510X19848857.

P. Balogh, A. Bujdos, I. Czibere, L. Fodor, Z. Gabnai, I. Kovach, J. Nagy, A. Bai,
Main motivational factors of farmers adopting precision farming in Hungary,
Agronomy 10 (2020) 610, https://doi.org/10.3390/agronomy10040610.

A. Knierim, M. Kernecker, K. Erdle, T. Kraus, F. Borges, A. Wurbs, Smart farming
technology innovations-insights and reflections from the German Smart-AKIS hub,
NJAS-Wageningen J. Life Sci. 90 (2019) 100314, https://doi.org/10.1016/j.
njas.2019.100314.

P. Sulewski, A. Was, P. Kobus, K. Pogodziriska, M. Szymanska, T. Sosulski, Farmers’
attitudes towards risk—an empirical study from Poland, Agronomy 10 (2020)
1555, https://doi.org/10.3390/agronomy10101555.

J. Pombo-Romero, H. Langeveld, M. Fernandez-Redondo, Diffusion of renewable
energy technology on Spanish farms: drivers and barriers, Environ. Dev. Sustain.
(2022) 1-19, https://doi.org/10.1007/510668-022-02553-7.


https://doi.org/10.1093/erae/jbz019
https://doi.org/10.1007/s10745-014-9701-5
https://doi.org/10.1007/s10745-014-9701-5
https://doi.org/10.1093/erae/jbv038
https://doi.org/10.1093/erae/jbv038
https://doi.org/10.1017/aae.2018.27
https://doi.org/10.1017/aae.2018.27
https://doi.org/10.2307/25148754
https://doi.org/10.2307/25148754
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0057
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0057
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0057
https://doi.org/10.3390/su11051303
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0059
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0059
https://doi.org/10.3390/f6062214
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0061
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0061
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0061
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0063
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0063
https://doi.org/10.1108/BFJ-05-2013-0105
https://doi.org/10.1108/BFJ-05-2013-0105
https://doi.org/10.1016/j.jenvp.2017.06.009
https://doi.org/10.1016/j.jenvp.2017.06.009
https://doi.org/10.1016/j.tele.2015.06.010
https://doi.org/10.1016/j.tele.2015.06.010
https://doi.org/10.22004/ag.econ.196907
https://doi.org/10.1016/j.jenvman.2019.109291
https://doi.org/10.1016/j.jenvman.2019.109291
https://doi.org/10.1111/j.1559-1816.2002.tb00236.x
https://doi.org/10.1111/j.1559-1816.2002.tb00236.x
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0070
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0070
http://refhub.elsevier.com/S2772-3755(24)00006-6/sbref0070
https://doi.org/10.1016/j.jrurstud.2020.04.028
https://doi.org/10.1016/j.jrurstud.2020.04.028
https://doi.org/10.31901/24566764.2020/11.1-3.344
https://doi.org/10.31901/24566764.2020/11.1-3.344
https://doi.org/10.3390/su12155945
https://doi.org/10.3390/su9040655
https://doi.org/10.3390/su9040655
https://doi.org/10.1016/j.envsci.2018.12.014
https://doi.org/10.1093/erae/jbaa031
https://doi.org/10.1093/erae/jbaa031
https://doi.org/10.3168/jds.2016-11977
https://doi.org/10.3168/jds.2016-11977
https://doi.org/10.1177/2319510X19848857
https://doi.org/10.3390/agronomy10040610
https://doi.org/10.1016/j.njas.2019.100314
https://doi.org/10.1016/j.njas.2019.100314
https://doi.org/10.3390/agronomy10101555
https://doi.org/10.1007/s10668-022-02553-7

	Drivers and barriers to the adoption of precision irrigation technologies in olive and cotton farming—Lessons from Messenia ...
	1 Introduction
	2 Theoretical model
	2.1 Perceived behavioural control
	2.2 Environmental consciousness
	2.3 Perceived economic benefits
	2.4 Perceived compatibility
	2.5 Risk aversion

	3 Materials and methods
	3.1 Study area
	3.2 Survey design
	3.3 Data collection
	3.4 Data analysis

	4 Results
	4.1 Sociodemographic characteristics of producers and farm characteristics
	4.2 Descriptive statistics for study variables
	4.3 Factors affecting the adoption of precision irrigation in olive and cotton farming systems

	5 Discussion
	6 Conclusions
	Informed consent
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Funding
	References


